Highly supersaturated electrolyte solutions can be prepared and studied employing an electrodynamic levitator trap (ELT) technique. The ELT technique involves containerless suspension of a microdroplet thus eliminating dust, dirt, and container walls which normally cause heterogeneous nucleation. This allows very high supersaturations to be achieved. A theoretical study of the experimental results obtained for the water activity in microdroplets of various electrolyte solutions is based on the development of the Cahn-Hilliard formalism for electrolyte solutions. In the approach suggested the metastable state for electrolyte solutions is described in terms of the conserved order parameter to (r,t) associated with fluctuations of the mean solute concentration no. Parameters of the corresponding Ginzburg-Landau free energy functional which defines the dynamics of metastable state relaxation are determined and expressed through the experimentally measured quantities. A correspondence of 96-99 % between theory and experiment for all solutions studied was achieved and allowed the determination of an analytical expression for the spinodal concentration n,pm and its calculation for various electrolyte solutions at 298 K. The assumption that subcritical solute clusters consist of the electrically neutral Bjerrum pairs has allowed both analytical and numerical investigation of the number-size Nc of nucleation monomers (aggregates of the Bjerrum pairs) which are elementary units of the solute critical clusters. This has also allowed estimations for the surface tension a, and equilibrium bulk energy/3 per solute molecule in the nucleation monomers. The dependence of these properties on the temperature T and on the solute concentration no through the entire metastable zone (from saturation concentration nsat to spinodal n,pi,) is examined. It has been demonstrated that there are the following asymptotics: Nc = 1 at spinodal concentration and Arc= oo at saturation. PACS number(s): 82.60.Nh, 64.60.My, 82.30.Nr, 82.60.Lf the Coulomb forces act between all pairs of ions their motion is not entirely random. As a result, the presence of an ion at a given location in the solution will affect the 1063-651X/95/52(4)/3923(13)/$06.00 52 3923 _)
I. INTRODUCTION
Let us consider a binary solution consisting of a strong electrolyte and a solvent. The physical situation discussed in this paper corresponds to highly supersaturated strong electrolyte solutions.
Although the problem is of scientific interest and practical importance, to the best of our knowledge there has been no attempt to provide theoretical insight as well as to develop high-precision measurements.
It is well known [2-4] that a supersaturated solution of a strong electrolyte is in a metastable state. Metastable states are characterized by the permanent birth-death process of subcritical solute clusters which are homogeneously and randomly distributed over the entire solution volume V. For these clusters it is energetically favorable to dissolve rather than to grow. This situation lasts until the critical or/and supercritical solute clusters appear. For these clusters it becomes energetically more favorable to grow than to dissolve and nucleation occurs.
The time required for a nucleation event to occur is known as the nucleation induction time.
Let us consider an electrolyte solution containing n l, n 2.... n s ions per unit volume of the various ion species denoted by subscripts (1,2 ..... s) which possess the charges ql,q2 .... qs, respectively. Using this notation the condition of electrical neutrality of the electrolyte solution acquires the form
The solvent in this description is treated as a continuous medium, formed from neutral and polar molecules, which is characterized only by its dielectric constant e. Since spatial distribution of the other ions in its immediate vicinity.
Thus, each ion creates around itself a nonuniformly charged "ion cloud," which on average is spherically symmetrical. In other words, if we select any particular ion, say a j ion, as the center of the solution coordinate system and consider the density distribution of other ions relative to that ion, this density will depend only on the distance r from the j ion to the ion considered.
Thus, let the spatial distribution density hi(r) of the i ion in the ion cloud at the spatial point with the radius vector r in the j-ion-centered coordinate system be defined as follows (the subscript j is not attached to the iion spatial distribution density ni(r) as well as to the electrostatic potential q_i(r) at the/-ion location. However, it should be kept in mind that these quantities are only meaningful in the (moving) j-ion-centered coordinate system):
n i = fvd3rni (r) .
The potential-energy density due to the electronic interaction between ions and an electric field produced by all the others ions around them is
where z i is the i ion charge number and e is the unit positive charge. In this expression n;,0 is the mean/-ion concentration in solution and _0i(r) is the electrostatic potential at the /-ion location produced by all the other ions. The electrostatic interaction between ions gives birth, therefore, to the following correction Eco_( T, V) for the electrolyte solution energy E ( T, V):
E( T, V)=E0( T, V)+Eoorr( T, V),
where 
where c is the light speed in a solution.
In this expression the term U(qo;r,t)
is the qo-subsystem potential-energy density.
It is assumed that (i) the qo subsystem, which is described in terms of the scalar field qo(r,t) is always in equilibrium, and (ii) the q_-subsystem equilibrium state cannot be destroyed even by interaction with the co subsystem.
The interaction
term Fint(co,_;r,t) between the to and q0 subsystems has the form $ Fint(to,qg;r, t )= --e---L-cp(r,t ) _, zitoi(r, t) ,
where e0 is the vacuum permittivity constant. Expression (8) represents simple electrostatic interaction between the ion-cloud potential q0(r, t) due to all kinds of ions and an electric charge at the spatial-time point (r, t). To complete the description of the interacting co and q_ subsystems one has to supplement E,q. (4), describing the evolution of the parameters tot(r,t), with a similar equation for the ion-cloud potential qo(r,t). This can be done by means of the Euler-Lagrange equation:
a 8A (to,_o;t) ] 8A (to,qo;t) 8A (to, qo;t)
where A (to,_0;t) is the action functional for the supersaturated electrolyte solution.
An expression for this functional in terms of the notations introduced above is straightforward:
A (to, q0;t)= fvd3r A (to,qg;r,t) ,
A(to'q°;r't)=_c 12 8_(r't)] 2-U(q°;r't)at --F(to;r,t)--Fint(to,qg;r,t) .
One can rewrite Eqs. (4) and (9) as follows:
Let us consider the joint solution of Eqs. (1 la) and (1 lb) in the stationary limit. This limit corresponds to the establishment of partial equilibrium between solution and subcritical ionic clusters. Characteristic times r i (i = 1,2 ..... s) needed to establish the partial equilibrium should be much less than the induction time. Thus, in the stationary limit, i.e., under the conditions that Otoi(r,t)/Ot = 0 and Ocp(r, t)/Ot = O, the spherically symmetrical solutions qo(r) and toi(r) satisfy the following equations:
Bi 2 e t°i(r)
It is noteworthy that the last equation coincides with the electrostatic 
Let us seek for solution of Eq. (13a) in the following form:
The 
From the above criterion it follows that Irli/2#it<< 1.
Therefore, considering expansion (14a) it is natural to keep only the first two terms which can be found in the following form:
The next step is to substitute solution for the order pa- 
where a is the minimum average distance to which ions, both positive and negative, can approach one another.
Assuming now that the constant e2x 2 is much less than unit2(e2r2 << 1) (This assumption will be verified in See.
VII) one can present the result for the potential q_i(r) of the supersaturated electrolyte solution as follows: 
In this expression F0( T, V) is the Helmholtz free energy of undersaturated electrolyte solution consisting of discharged ions:
where _(T, V) and _i(T, V) (i = 1..... s) are some con- 
This expression can be simplified by taking into account that the distance a is usually much less than the length 1/r t (a << 1/x l) which characterizes the dimension of the ion cloud of a given ion. Therefore, since ar I << 1 there exist the approximations
Using these approximations, the expression for the/-ion 
where Lslv(T,0) is the activity of pure solvent. Carrying out integration in expression (22a) we obtain the following relation for the activity Ksl_( T, n o ): 
K_lv(T, no)=Ks,,,(T,O)expl--llno
where ni*o is the number of i ions which are nonassociated into the Bjerrum pairs.
Let us consider as in the preceding section the case of binary symmetrical electrolyte solutions (n 1,0 = n 2,0 = n 0, *h=_2=_/). Equating in this case expressions (17) 
pairs.
As the solute concentration n o is increased further, single ions appear until the spinodal concentration nspin(T) is reached.
In the classical approach to statistical mechanics of clusters [13] it is assumed that the Helmholtz free energy
FI(T,n o ) of the cluster containing I particles (in our case
containing l Bejerrum's pairs) has the following form:
Ft(T, no)=kT[a(T)12/3+/3(T)l--ln(no)l] , (28)
where n o is the mean concentration of solute molecules, a(T) is proportional to the surface tension, and/3(T) is In reality, the solution solvent activity is dependent on the microdroplet surface curvature and charge. However, these effects are known to be insignificant for the size of the microdroplets being suspended [14] . [24] . We are planning to perform these experiments in the near future.
The calculated association degree d( T,n 0) as a function of the solute concentration n o at T=298 K is given in 
